Anatomical studies have shown that the pathognomonic feature of primitive ventricle is absence of that portion of the interventricular septum which interposes between the atrioventricular valves. 
Anatomical studies have shown that the pathognomonic feature of primitive ventricle is absence of that portion of the interventricular septum which interposes between the atrioventricular valves. The relation of this posterior septum to the atrioventricular valves is such that echocardiography should be a particularly suitable technique for showing its presence or absence. When a posterior septum is present, it is seen on an echocardiogram as a double echo between the two atrioventricular valves. Its presence limits posterior movement of the septal cusp of the anterior atrioventricular valve. Absence of the posterior septum should, therefore, be seen echocardiographically as more than mere absence of the double septal echo. It should be possible to show unusual posterior excursion of the 'septal' cusp of the anterior atrioventricular valve and apposition of the 'septal' cusps of the atrioventricular valves during diastole. In most instances it should also be possible to demonstrate that the posterior great artery is in continuity with both atrioventricular valves. We have shown these echocardiographic features in 26 patients. The diagnosis ofprimitive ventricle has been confirmed at necropsy or at operation in 4 patients. In the other 22 patients the angiographic data are compatible with a diagnosis of primitive ventricle. Demonstration of these positive features at echocardiography is, therefore, of considerable value in the initial diagnosis of primitive ventricle and in particular its differentiation from other congenital malformations.
Surgical techniques for the correction of complicated congenital heart defects have been improving rapidly over the past decade. However, one anomaly that continues to pose problems, both in diagnosis and surgical correction, is the univentricular heart which we prefer to describe as primitive ventricle . Recently, there have been reports of successful correction, both by septation (Edie et al., 1973; Maloney et al., 1975) and by the use of valved conduits (Yacoub et al., 1975) . It has emerged from these reports that success or failure of surgical correction depends on an accurate preoperative knowledge ofthe anatomy. However, in our experience, this is a condition which can be difficult to diagnose, even after angiography. Absence of the posterior interventricular septum (the hallmark of primitive ventricle) can sometimes be difficult to demonstrate, while in other instances it is not possible to determine the ' An M-mode echocardiogram was performed on 75 patients in whom a diagnosis of univentricular heart was suspected on clinical grounds. These included patients suspected of having atrioventricular valve atresia, which is in our opinion better considered as a type of univentricular heart, and other patients in whom the differential diagnosis was large ventricular septal defect or 'corrected transposition'. Recordings were made with a Smith-Kline Ekoline 20A echocardiograph interfaced with either a Honeywell fibreoptic strip chart recorder, or a Cambridge photographic strip chart recorder. A 2-25 MHz transducer was used in all patients other than neonates in whom a 5 MHz transducer was occasionally used. There were 26 patients whose echocardiograms showed the features which we considered to be diagnostic of primitive ventricle with two atrioventricular valves; these patients formed the basis of the study. The angiograms and catheterisation data of these patients were reviewed and compared with the echocardiographic findings. In those patients who subsequently had an operation or died, direct anatomical comparison was made.
Results (a) ANATOMICAL CONSIDERATIONS
The common feature of the 73 hearts studied (Table) was complete absence of any posterior septal structure separating the septal cusps of the right and left atrioventricular valves (Fig. 1) . In all the hearts the right and left valves closely resembled each other in terms of cusp pattern, each valve possessing a prominent 'septal' cusp (Fig. 2B) . In all except one of the hearts studied, both of these 'septal' cusps were free to move into the outflow tract of the posterior great artery, this observation suggesting that during ventricular diastole during life the cusps would have been free to approximate each other in this posterior arterial outflow tract (Fig. 2A) ; in the other heart, both great arteries arose from an outlet chamber.
Though the ventricular inflow portions of all the hearts were identical, the hearts could be subdivided depending on the presence or absence of an anterior septal structure. Such a structure, Though smooth on its posterior aspect, the septum was in no way comparable to the septum observed in the normal heart ( Fig. 1 and 4 ). It never extended posteriorly to the crux of the heart, always tending to run to the margo acutus in primitive ventricular hearts ( Fig. 2 and 3 ). Furthermore, in primitive ventricular hearts ( Fig. 2 and 3 ) it never supported the septal cusp of the right atrioventricular valve, as it does in the normal heart (Fig. 4) . In the primitive ventricles with outlet chamber, there was variation in the orientation of the anterior septum. In 28 hearts, the septum ran from a left anterior position in posterior direction to the margo acutus at the right border of the heart ( Fig. 3 ): in these, the small trabeculated tail of the outlet chamber was also to the right. In 4 hearts the septum was directly in the frontal plane, placing the outlet chamber anterior to the primitive ventricle; in 3 of these the tail was left-sided and in one right-sided. In 27 hearts the septum ran from right anterior obliquely and posteriorly to the left margin of the heart, with the tail also to the left (Fig. 2 ). In the 13 hearts with a straddling valve, the outlet chamber was of larger dimensions and the septum was straddled by the anterior papillary muscle and anterior cusp of the valve. In 8 hearts the right atrioventricular valve straddled into a right-sided outlet chamber (Fig. 3) .
In 5 hearts the left-sided valve was the straddling valve, with the outlet chamber to the left in 4 and to the right in 1. Despite this straddling, the relation of the septal cusps of both atrioventricular valves to the posterior great artery was as in all the other primitive ventricular hearts (Fig. 3 ). In the 14 hearts without an anterior septal structure dividing the ventricular cavity into main chamber and outlet chamber, a single ventricular chamber received both atrioventricular valves and supported both great arteries (except when one great artery was atretic). In terms of trabecular pattern, apart from the absence of the anterior septum, the hearts were identical with those which possessed outlet chambers. We have, therefore, termed these hearts primitive ventricle without outlet chamber. In 5 of these hearts the left part of the anterior septum fused with the infundibular septum to produce a well-formed infundibular chamber (Fig. 5) . However, the septum did not extend apically to separate the infundibulum as part of a discrete outlet chamber.
In all the examples of primitive ventricle without outlet chamber, since the ventricle was a single chamber, the ventriculoarterial connection must by definition be one of double-outlet chamber. In primitive ventricle with outlet chamber, more variation was observed in ventriculoarterial connections (Table) . In 10 hearts the arteries were normally connected; in 27 hearts 1-transposition was present; in 16 d-transposition was observed; 3 hearts had double outlet main chamber, 1 heart possessed a double-outlet outlet chamber, and the remaining 2 hearts had single aortic trunks from the outlet chamber with pulmonary atresia. These variations in ventriculoarterial connection in no way affected the atrioventricular valves except to produce some alteration in the state of the ventriculoinfundibular fold. The posterior great artery arose from muscular tissue in only 8 of 73 hearts, and 6 of these had a double-outlet connection. In 9 hearts the posterior great artery was in fibrous continuity with only one atrioventricular valve, the right in 5 and the left in 4. In the remaining 56 hearts (77%) the posterior great artery was in fibrous continuity with both atrioventricular valves.
Thus, from this anatomical study we would expect that, in addition to absence of the posterior septum, other positive features of primitive ventricle would be identifiable echocardiographically. Absence of Posterior Septum gives PRIMITIVE VENTRICLE Fig. 1 Cross-sectional diagrams comparing the septal components of the normal heart (left hand diagram) with primitive ventricle (right hand diagram). In the normal heart the muscular septum has two components; an anterior, bulboventricular septum between the infundibulum and the left ventricle and a posterior, interventricular component between the atrioventricular valves. Absence of this posterior septal component gives the univentricular heart, termed by us 'primitive ventricle'. If the anterior bulboventricular septum persists in its entirety, then the primitive ventricle will be associated with an outlet chamber. Should the right portion of the bulboventricular septum be absent, then primitive (single or common) ventricle without outlet chamber will result. (Fig. 6) (Fig. 7) . In 25 patients there was echocardiographic 'continuity' between the two atrioventricular valves and the posterior semilunar valve (Fig. 8 and 9 ). An anterior (anatomically bulboventricular) septum was found with certainty in only 7 patients.
The diagnosis of primitive ventricle with or without outlet chamber was confirmed at operation or necropsy in 4 patients. Three of these patients had been diagnosed angiographically as primitive Fig. 2 (A) Photograph of the primitive ventricle from a specimen of primitive ventricle with outlet chamber. The heart has been opened by a frontal cut through the primitive ventricle (PV), which receives both atrioventricular valves (RA VV, LA VV), and the anterior aspect has been reflected superiorly so that the bulboventricular septum (B VS) and the bulboventricular foramen (BVF) are seen in the top of the picture. Through the bulboventricular foramen part of the outlet chamber can be seen. The infundibular septum (IS) separates the pulmonary artery (PA) from the aorta which arises from the outlet chamber. Note that both atrioventricular valves are free to move into the outflow tract of the posterior great artery (arrows). LPM, left-sided papillary muscle; RPM, right-sided papillary muscle; RA, right atrium. (B) Another view of the same heart, with retraction of the 'septal' cusp of the right atrioventricular valve. The absence of the posterior septum is now evident (large arrow) and the potential for free movement of both atrioventricular valves into the outflow tract of the posterior artery is clearly seen (small arrows).
ventricle. The fourth patient had been diagnosed angiographically as double-outlet right ventricle, but the echocardiogram (Fig. 9) showed the features of primitive ventricle, and at operation this latter diagnosis was confirmed.
Of the remaining 22 patients, 16 had originally been diagnosed as primitive ventricle with or without outlet chamber. Four had been diagnosed as 'corrected transposition' (the combination of transposition and atrioventricular discordance). In 2 further patients the differential diagnosis was between transposition with ventricular septal defect and a primitive ventricle, and 2 had been given no definite diagnosis. As a result of our anatomical study, we were able to review the angiograms with the morphological features of primitive ventricle in mind, and look for the specific diagnostic features. Thus, an angiographic diagnosis of primitive ventricle was made if there was definite evidence of 2 atrioventricular valves entering the same ventricular chamber. The relation of the posterior great artery to the main chamber was particularly helpful in this respect, since in primitive ventricle the artery arises from the mid-point of the chamber, being contiguous with both atrioventricular valves. In the presence of a posterior septum, the origin of the posterior great artery is eccentric. We also felt that we were able to distinguish between an outlet chamber and a morphologically right ventricle on angiographic appearances, the former being smaller, possessing less of an apical trabeculated segment, and never receiving the entirety of an atrioventricular valve. Using these criteria the angiograms were found to be compatible with a diagnosis of primitive ventricle in all these 22 patients.
The angiograms showed an outlet chamber in 13 patients; in only 7 (54%) of these was an anterior septum detected echocardiographically. However, in no case was an anterior septum shown on the echocardiogram, where an outlet chamber was not Fig. 3 Photographs of an example of primitive ventricle with outlet chamber and straddling right atrioventricular valve. Fig. 3A is a view of the outlet chamber (OC), which supports the normally connected pulmonary artery (PA). Note that the anterior bulboventricular septum (BVS) runs from left anterior in posterior direction to the right acute margin of the heart where it fuses with the infundibular septum (IS). It is straddled by the anterior papillary muscle (APM) of the right AV valve (Ravv). Fig. 3B shows the primitive ventricle (PV), which receives the entirety of the left atrioventricular valve (Lavv) and the greater part of the right valve. Note that the 'septal' cusp of the right valve is tethered into the primitive ventricle, and that both cusps are free to move into the aortic outflow tract (small arrows) where they are in fibrous continuity with the aortic valve. Note that the septum (large arrow) runs to the acute margin of the ventricle and does not interpose between the atrioventricular valves. In the anticipated site of the posterior septum a well-formed posterior ridge (PR) is present. 270 group.bmj.com on June 25, 2017 -Published by http://heart.bmj.com/ Downloaded from present on the angiogram. One patient was found at necropsy to have a straddling right atrioventricular valve; this was not apparent on either the echocardiogram or the angiogram. The angiograms of one other patient also suggested a straddling right atrioventricular valve, but this was not shown on the echocardiogram.
Discussion
Previous echocardiographic studies have shown that absence of septal echoes may indicate presence of a single (primitive) ventricle (Chesler et al., 1971; Meyer and Kaplan, 1973; Assad-Morrell et al., 1974; Ferrer et al., 1975; Felner et al., 1976; Seward et al., 1976) . However, since it is possible to miss septal echoes in a heart containing a septum the condition may be incorrectly diagnosed. Our study has shown that there are positive features of the primitive ventricle that can be seen in addition to absence of the septum, so that echocardiographic diagnosis can be based on positive rather than negative findings. Our anatomical study confirmed that the cardinal feature of the primitive ventricle is absence of the posterior portion of the interventricular septum (Van Praagh et al., 1964; Lev et al., 1969) . It also showed that absence of this septum affects the movements of the atrioventricular valves in such a way as to give a characteristic echocardiographic pattern, namely: (a) unusual posterior excursion of the posterior cusp of the anterior atrioventricular valve so that it closely resembles the posterior valve, (b) apposition of the septal cusps of the two atrioventricular valves, and (c) in the majority of cases echocardiographic continuity between the posterior semilunar valve and the two atrioventricular valves. Thus, if diagnosis is based on these findings, false positive diagnoses should be prevented (should it merely have not proved possible to echo a normally positioned posterior septum), and false negatives should be avoided in the circumstance of large conjoined papillary muscles giving the angiographic appearance of a posterior septum. The finding of continuity of the posterior great artery with both atrioventricular valves is perhaps more difficult to establish than the other criteria. Furthermore, since absolute continuity of adjacent fibrous structures is difficult to establish echocardiographically, it may seem of less value. None the less, Seward et al. (1976) showed echocardiographic continuity of the posterior great artery with the posterior atrioventricular valve in 27 of 31 patients, while Felner et al. (1976) observed this feature in 5 of 6 patients. Since anatomical continuity of the posterior great artery with both atrioventricular valves was seen in 77 per cent of our necropsy specimens, with continuity of one valve and contiguity of the other in a further 145 per cent, we believe the finding to be of considerable significance if the term contiguity is used rather than continuity. Thus, there are very few other congenital anomalies apart from primitive ventricle which would present the feature of both atrioventricular valves in contiguity with the posterior great artery in the absence of a posterior septum.
In our study the echocardiograms of 26 patients showed these anticipated features of single ventricle with two atrioventricular valves. The correlation with angiographic, surgical, and necropsy date was good. Our attempts to identify an anterior septum and its relation to the anterior atrioventricular valve have not been entirely successful. Others have achieved greater success in this respect, and C. Mortera, S. J. Hunter, and M. J. Tynan (1976, personal communication) have positively identified outlet chambers by echocardiography in over 90 per cent of patients shown by cardiac catheterisation to have primitive ventricle with outlet chamber. An anterior septum straddled by the right atrioventricular valve has also been identified echocardiographically, by Seward et al. (1975a) and by Fig. 5 Photograph of a specimen of primitive ventricle without outlet chamber, opened through a posterior cut in the right atrioventricular orifice (exactly as in Fig. 2 Lacorte et al. (1976) ; examination of the illustrated echocardiograms from both these reports shows that they fulfil the criteria we have suggested for primitive ventricle. It is our belief that these hearts are similar to the hearts we studied and characterised as primitive ventricle with outlet chamber and straddling atrioventricular valves. It can logically be argued that if part of an atrioventricular valve enters an anterior chamber this can no longer be considered an outlet chamber. In these circumstances, as suggested by Liberthson et al. (1971) , the chambers can alternatively be designated as primitive left and primitive right ventricles. Be that as it may, there is no doubt in our minds that the septum straddled in such hearts is the bulboventricular septum as in primitive ventricle with outlet chamber rather than the interventricular septum as in the normal heart; furthermore, the anterior chamber resembles an outlet chamber rather than a right ventricle.
An additional technique which may be of value in the investigation of primitive ventricle is contrast echocardiography. Using such contrast echocardiography the Mayo Clinic group have had considerable success in diagnosis (Seward et al., 1975b; J. B. Seward, 1976, personal communication) . This technique should also be of value in distinguishing patients with straddling atrioventricular valves.
We thus believe that a positive diagnosis of primitive ventricle can be made echocardiographically. This is of importance since it allows the differentiation of primitive ventricle from other conditions with which it may be confused angiographically. The most significant of these is congenitally corrected transposition (transposition with atrioventricular discordance). Indeed some authors contend that primitive ventricle with left-sided outlet chamber should be considered as a variant of 'corrected transposition' (Friedberg and Nadas, 1970) . We agree with Ruttenberg (1970) and believe that the two should be considered as separate anomalies, the presence or absence of a posterior septum being the distinguishing feature. This is equally true of the distinction of primitive ventricle with straddling left atrioventricular valve from corrected transposition. As we have shown, the absence of the posterior septum is particularly well demonstrated echocardiographically, while it also appears that congenitally corrected transposition itself has clearly recognisable echocardiographic features (Beardshaw et al., 1976; Rey and Lablanche, 1976; Keutel and Hagenmuller, 1976 (Seward et al., 1975b) . Using the combined techniques of echocardiography and angiography, we believe it should be possible to diagnose single ventricle accurately and provide information on the presence or absence of an outlet chamber and the number and condition of atrioventricular valves present, essential information for any subsequent operation. 
